features were also evaluated. The mixed system of Cn-APNB with soap exhibited synergistic effect on surface tension and foaming power at a weight ratio of 1 : 9. Antimicrobial activity forward Escherichia coli and Enterococcus was weakened by the introduction of an amidopropyl group and effects on the aquatic environment were minimized.
C12-APNB.
The effect of alkyl chain length on the lime soap dispersing requirement (LSDR) of APNB is depicted in Fig. 4 . The C12-APNB exhibited the lowest LSDR among APNB homologues. In comparison with the same dodecyl chain, the LSDR value of C12-APNB is lower than that of C12-NB (18 g) and sodium dodecyl sulfate (C12-DS) (30 g) . Irrespective of alkyl chain length of APNB, the LSDR exhibited a difinite value (7-8 g) . The LSDR was not affected by the alkyl chain length of Cn-APNB. The LSDR of Cn-APNB was almost steady irrespective of aklyl chain length.
The foaming power and surface tension for the C12-DS/C12-APNB mixed system are illustrated in Fig. 5 . The foaming power was the highest at the 0.9/0.1 composition ratio. A synergistic effect was observed for the mixed system in comparison with the individual C12-DS or C12-APNB system. Similarly, the 0.9/0.1 mixed system of C12-DS/C12-APNB showed the minimum surface tension. The complex formation by the mixed micelle was estimated to yield a 0.9/0.1 composition of C12-DS/C12 -APNB.
The ionic structure of APNB is governed by pH variation as follows :
(acidic side) (neutral side)
(alkaline side)
APNB shows a cationic form in acidic media, a zwitterionic form at the isoelectric point, and an anionic form in alkaline media. TiO2 exhibits amphoteric properties (isoelectric point 6.8) ; pH variations of the dispersion cause a change in the surface changes of the TiO2 particles 21).
(acidic side) (neutral side) (alkaline side) Biodegradability and antimicrobial properties The biodegradability of C12-APNB is not less than 97% for the concentration of 29 mg/L after culturing of test organism solution for 7 to 8 days. This amidobetaine is very easily biodegradable because of cleavage of the peptide bond. The antibacterial activity of C12-APNB was evaluated in comparison with that of C12-NB, C12-TAC and C18-TAC as summarized in Table 1 .
Generally, an antimicrobial property is profoundly affected by a hydrophobic chain length22),23). Since C12-APNB is corresponding to sixteen molecular length of a hydrophobic chain containing a peptide bond, the antimicrobial activity of C12-APNB is further weak. In comparison with the same alkyl chain, C12-TAC showed lower minimum inhibitory concentration (MIC) than C12-NB (8 times lower for Escherichia coli and 12.5 times lower for Enterococcus), which is attributable to the effect of -COOH group. Generally, the relationship be- 
